Abstract In rodents, ubiquitous a1-Na
Introduction
Mg 2? -dependent (Na ? ?K ? )-stimulated adenosine triphosphatase (Na ? , K ? -ATPase) is an integral plasma membrane protein consisting of a-and b-subunits and detected in all types of animal cells. ATP hydrolysis by the larger a-subunit (*110 kD) leads to phosphorylation of Asp369 residue that triggers E 1 -E 2 conformational transition and provides energy for electrogenic ion transport (3Na ? vs. 2K ? ). In addition to the ubiquitous a1-isoform, 3 other Na ? , K ? -ATPase a-subunits were identified by screening c-DNA libraries. These isoforms are expressed in a tissue-specific manner with high abundance in neural cells (a3 and a2), heart (a2), skeletal muscle (a3, a2), and testis (a4). Four isoforms of b-subunits encoding *35 kD proteins have also been found in mammals. It has been shown that b-subunits are obligatory for the enzymatic activity of a subunits and control their delivery, conformational stability, and affinity for extracellular potassium (K þ o ) and intracellular sodium (Na þ i ). For more details, see [1, 2] .
The beneficial effects of extracts from the leaves of Digitalis on the patients with heart failure led to isolation of several plant-derived cardiotonic steroids (CTS) known also as cardenolides. Besides cardenolides, other members & Sergei N. Orlov sergeinorlov@yandex.ru 1 of the CTS superfamily, bufadienolides, have been isolated from amphibians [3, 4] . Numerous studies demonstrated that in rat and mouse, CTS inhibits a1-Na ? , K ? -ATPase at concentrations *10 3 -fold higher than in other mammals. Lingrel and co-workers were the first to demonstrate that the presence in rodents of CTS-resistant a1R-Na ? , K ? -ATPase is caused by substitution of Gln111 and Asn122, detected in CTS-sensitive a1S-Na ? , K ? -ATPase from other mammalians, with Arg and Asp, respectively (for review, see [5] ). Because affinity for the CTS of a2 and a3 subunits in mouse and other mammals is about the same [6] , transgenic rodents with a2R-and/or a1S-subunits were successfully used to examine the relative contributions of these isoforms in blood pressure regulation [7, 8] , cardiac and skeletal muscle function [9, 10] , and renal salt handling [11] .
More recently, several groups found that in contrast to the ubiquitous impact of CTS on Na þ i , K þ i -dependent cell functions, their actions on cell survival are tissue-and species-specific. For instance, ouabain triggers massive death of renal epithelial cells from the Madin-Darby canine kidney (MDCK) [12, 13] , endothelial cells from the pig aorta [14] , human prostatic smooth muscle cells [15] , human prostate adenocarcinoma cells [16] , human monocytes [17] , human erythroleukemia cell line [18] , human neuroblastoma cell line SH-SY5Y [19] , and human neuronal precursor NT2 cells [20, 21] . In striking contrast, we did not detect any impact of 48-h exposure to high concentrations of ouabain on survival of rat vascular smooth muscle cells [22] , rat endothelial cells and rat astrocytes [23] . In additional experiments, we found that in contrast to CTS, 24-h inhibition of Na ? , K ? -ATPase in K ? -free medium did not affect survival of MDCK and pig endothelial cells [14, 24] . Subsequently, this intriguing observation was confirmed by Contreras and co-workers [25] . Importantly, reduction of [K ? ] o strongly increased the efficacy of CTS blocking Na ? /K ? pump and triggering cell death [24, 26] . These data allowed us to propose that the cytotoxic effect of CTS is mediated by their interaction with the Na ? ,K ? -ATPase a-subunit but is not directly related to elevation of the [Na
. In the present study, we compared the effects of ouabain on intracellular Na ? and K ? content and appearance of the cell death markers in several types of cells isolated from human and rat tissues. Furthermore, to demonstrate the critical role of the a1R and a1S subunits, we compared the effects of ouabain on VSMC from aorta of wild-type mouse and mouse expressing human a1S-Na ? , K ? -ATPase, as well as in human endothelial cells transfected with rat a1R-Na ? , K ? -ATPase. Our results definitively demonstrate the crucial role for a1R-and a1S-Na ? , K ? -ATPase, rather than downstream intermediates of the CTSinduced intracellular signalling, in survival and death of cell exposed.
Materials and methods

Cell cultures
Human umbilical vein endothelial cells (HUVEC), human aortic smooth muscle cells (HASMC) and rat aortic vascular smooth muscle cells (RASMC) were purchased from Lonza (Walkersville, MD, USA) and passaged 4-12 times in media recommended by the manufacturer. Endothelial cells from rat aorta (RAEC) were kindly provided by Dr. Thorin-Trescases (Institute of Cardiology, University of Montreal, Canada). These cells were isolated and passaged 3-4 times as described elsewhere [23, 28] . Primary human astrocytes were acquired from ScienCell Research Laboratories (Carlsbad, CA) and their passages 2-4 were cultivated in DMEM (Dulbecco's modified Eagle's medium) supplemented with 10 % FBS, 50 U/ml penicillin and 50 lg/ml streptomycin (Pen-Strep). These cells were stained with anti-GFAP antibody to confirm their astrocytic origin [29] .
Primary rat astrocytes were prepared from brain cortical tissue of 1-2-day-old Sprague-Dawley rats per protocol approved by the Albany Medical Center Institutional Animal Use and Care Committee. Briefly, pups were euthanized by rapid decapitation, the cerebral cortices were dissected from the meninges, hippocampi, and basal ganglia and transferred to ice-cold OptiMEM medium (Life Sciences/Invitrogen). Cortical tissue was minced and transferred into solution of the recombinant protease TrypLE (Life Sciences/Invitrogen) diluted with OptiMEM (1:1 vol:vol). Cells were extracted at 37°C using three 10-min incubations with the TrypLE additionally supplemented with bovine pancreatic DNAse I (Sigma). The first extraction was discarded, while the second and the third extractions were combined with DMEM containing 10 % heat-inactivated horse serum (HIHS), and Pen-Strep. After each extraction cells were sedimented by a brief centrifugation (10009g for 1.5 min) and then resuspended in DMEM-HIHS. Dissociated cells were seeded on poly-Dlysine-coated T75 culture flasks (Techno Plastic Products, TPP, Trasadingen, Switzerland) at the density of 250,000 cells/flask, and grown to confluency. For more details, see [23, 30] .
Mice with ouabain-sensitive a1-isoform (a1 S/S ) were generated by amino acid substitutions at positions 111 and 122 in the first extracellular loop of the a-subunit, as previously described [31, 32] and kindly provided by Dr. John N. Lingrel (University of Cincinnati, OH, USA). Mouse aorta smooth muscle cells (MASMC) were isolated from a1 S/S and wild-type a1 R/R mouse as described in details elsewhere [33] per protocol approved by the University of Chicago Institutional Animal Use and Care Committee.
All cell cultures were maintained in a humidified atmosphere containing 5 % CO 2 /balance air at 37°C. When applicable, to establish quiescence, cells were incubated for 24 h in the media in which concentration of FBS was reduced to 0.2 %. Cell morphology was evaluated by a phase-contrast microscopy without preliminary fixation.
Stable transfection
HUVEC were transfected with pRC-CMV plasmid containing containing a gene encoding neomycin/G418 resistance and rat a1R cDNA provided by Dr. Lingrel. Cells grown in 10-cm Petri plates up to *70 % of confluency were treated in serum-free DMEM for 6 h with 25 lg plasmid DNA and 60 ll Lipefectamin 2000, washed with DMEM and incubated for 24 h in DMEM containing 10 % FBS. Then, transfected cells were trypsinized, seeded in 10-cm Petri plates and grown in DMEM with 10 % FBS and 0.8 mg/ml geneticin (G418) as a selected reagent. After 2 weeks of selection, transfected cells were used for further experiments. 22 Na, respectively. To establish isotope equilibrium, cells growing in 12-well plates were preincubated for 3 h in DMEM containing 0.5 lCi/ml 86 RbCl or 3 lCi/ml 22 NaCl, and then ouabain was added for the next 3 h. After 3 h, the cells were transferred onto ice, washed 4 times with 2 ml of ice-cold medium W containing 100 mM MgCl 2 and 10 mM HEPES-Tris buffer (pH 7.4). The washing medium was aspirated and cells were lysed in a solution of 1 % SDS and 4 mM EDTA. Radioactivity of incubation media and cell lysates was quantified, and the intracellular cation content was calculated as A/am, where A was the radioactivity of the samples (cpm), a was the specific radioactivity of 86 Rb (K ? ) and 22 Na in the medium (cpm/nmol), and m was the protein content (mg). For more details, see [26] .
Cell viability and apoptosis assays
Cell viability was quantitatively assessed by a lactate dehydrogenase (LDH) release assay, and pro-apoptotic changes were quantified by measuring activity of caspase-3 and chromatin cleavage. LDH release was measured using colorimetric CytoTox 96 Ò Non-Radioactive Cytotoxicity Assay kit (Promega) and following the manufacture's protocol.
To measure caspase-3 activity, cells growing in 6-well plates were transferred onto ice, scraped off with a rubber cell scraper, sedimented at 50009g for 10 min at 4°C, and washed twice with 3 ml of ice-cold PBS. Then, the pellet was mixed with 150 ll of medium containing 0.32 M sucrose, 5 mM EDTA, 10 mM tris-HCl (pH 8.0), 1 % triton 9100, 2 mM dithiothreitol, 1 mM PMSF, 10 lg/ml pepstatin A, and 10 lg/ml aprotinin. The samples were centrifuged (14,000 rpm, 10 min, 4°C), and 100 ll of the supernatant were frozen with liquid nitrogen and kept at -80°C. To measure enzyme activity, 20-ll samples was transferred into 400 ll of buffer containing 5 mM MgCl 2 , 1 mM EGTA, 50 mM tris-HCl (pH 7.0), 0.1 % CHAPS, 1 mM dithiothreitol, 40 lM DEVD-AMC (N-acetyl-AspGlu-Val-Asp-AMC) with or without 2 lM of the caspase-3 inhibitor Ac-DEVD-CHO. After 2-3 h incubation at 37°C, the reaction was stopped by the addition of 1 ml of 0.5 M glycine-NaOH buffer (pH 10.0). The samples were diluted with water, and fluorescence was measured with a SPEX FluoroMax spectrofluorimeter at kex = 365 nm and kem = 465 nm (slits 4 and 20 nm, respectively). The fluorescent signal was calibrated with 7-amino-4-methylcoumarin (AMC) in the 0.01-0.3 lM range. Caspase-3 activity was calculated as the difference of DEVDase activity in the absence and presence of Ac-DEVD-CHO. For additional details, see [34] .
Chromatin cleavage was quantified by previously-described technique [22] with the minor modifications listed below. Cells in 24-well dishes were supplied with DMEM containing serum and 0.1 lCi/ml [ 3 H]-thymidine. After 24 h, they were washed twice with 2 ml of DMEM and incubated for 48 h in DMEM with serum and compounds indicated in the figure and table legends. Then, the medium was collected and centrifuged at 900 g for 10 min. Next, the supernatant was transferred for the measurement of radioactivity in a liquid scintillation spectrometer (fraction F 1 ), and the cell pellet and cells remaining in the plates were treated for 15 min with ice-cold lysis buffer (10 mM EDTA, 10 mM tris-HCl, 0.5 % triton X100, pH 8.0). Then, the cell lysates were clarified by centrifugation (12,000 rpm, 10 min), and the supernatant was transferred for radioactivity measurement (fraction F 2 ). The remaining radioactivity from the pellets and wells was extracted with a 1 % SDS/4 mM EDTA mixture (fraction F 3 ). The relative content of intracellular chromatin fragments was determined as a percentage of total [ 3 H]-labelled DNA: F 2 / (F 1 ? F 2 ? F 3 ) -1 9 100 %.
Western blot analysis
After treatment with ouabain in 6-well plates, cells were lysed on ice in 0.250 ml of buffer containing 150 mM NaCl, 1 % Triton X-100, 0.1 % SDS, 2 mM EDTA, 2 mM EGTA, 25 mM HEPES (pH 7.5), 10 % glycerol, 1 mM NaF, 200 lM Na 3 VO 4 , and protease inhibitors (1 lg/ml leupeptin, 1 lg/ml aprotinin, 1 mM PMSF). The lysates were cleared of the insoluble material by centrifugation at 20,0009g for 10 min, treated for 5 min at 95°C, and subjected to SDS-polyacrylamide gel electrophoresis using 4 and 10 % polyacrylamide in stacking and resolving gels, respectively. Proteins were transferred to Hybond-C Extra nitrocellulose membranes (Amersham Biosciences, Mississauga, ON, Canada), blocked for 1 h at room temperature with 5 % dry fat-free milk dissolved in TBS, and incubated overnight with primary antibodies at 4°C. Subsequently, the membranes were treated with the horseradish peroxide-conjugated secondary antibodies for 1 h at room temperature. The immunoreactivity was detected using an ECL Western blotting kit (Amersham) in accordance with the manufacturer's instructions.
Materials
Lipofectamin 2000 and geneticin (G418) were from Invitrogen (Burlington, ON); methyl-[ 
Statistical analysis
All experimental data are presented as mean values ± standard errors of mean (SEM), with the number of independent experiments indicated in figure and table legends. The statistical difference in between experimental groups was analyzed by Student's t test or one-way ANOVA with Bonferroni correction for multiple comparisons. Probability values less than 0.05 were considered significant.
Results
In the initial experiments, we compared the actions of low and high doses of ouabain on intracellular contents of Na and K ? in human and rat cells. Table 1 shows that 6-h incubation with 3 lM ouabain led to *tenfold elevation of Na -ATPase in mice and rats as compared to humans and numerous other mammalians species studied so far [4] .
With the knowledge that addition of 3 and 3000 lM ouabain causes approximately the same elevation of the [Na ? ] i /[K ? ] i ratio in human and rat cells, respectively, we further compared the action of these concentrations of ouabain on cell survival. Table 2 demonstrates that 24-h exposure to 3 lM ouabain resulted in the apoptotic death of HASMC and HUVEC, manifested in up-to eightfold elevation of caspase-3 activity and chromatin cleavage. Unlike for human cells, we did not detect any significant elevation of these parameters in RASMC and RAEC treated with 3000 lM ouabain.
Distinct effects of ouabain on survival of human and rat vascular smooth muscle and endothelial cells were further confirmed by phase-contrast microscopy. Indeed, 24 h exposure to 3000 lM ouabain did not affect morphology of RASMC ( Fig. 1) and RAEC (Fig. 2) , whereas incubation of HASMC and HUVEC with 3 lM ouabain resulted in massive accumulation of detached and rounded cells (also Figs. 1, 2, respectively) . The latter experiments were also performed in human and rat astrocytes. While human astrocytes showed extensive cell rounding and death upon 24-h exposure to 20 lM ouabain, we did not observe any morphological changes or signs of cell death in rat astrocytes exposed in parallel experiments to 5000 lM ouabain for 24 h (Fig. 3) . In fact, rat astrocytes retained their morphology and viability after 48-h exposure to ouabain (data not shown).
To examine the role of the a1S-and a1R-Na ? , K ? -ATPase subunits in promoting distinct effects of ouabain on survival and death of human and rat cells, we compared the dose-dependent actions of this compound on smooth muscle cells isolated from aorta of the wild-type (a1 R/R ) and genetically engineering a1 S/S mouse, in which the a1R Na ? , K ? -ATPase subunit was replaced with the human a1S-Na ? , K ? -ATPase with high affinity for ouabain. Figure 4 shows that similar to the RASMC, addition of 3000 lM ouabain did not affect survival of MASMC from the wild-type mice as indicated by no changes in LDH release, as compared to baseline. As a positive control, the cytotoxic compound H 2 O 2 more than tripled LDH release from 17.2 ± 1.9 to 55.7 ± 1.3 %. Unlike in the wild-type a1 R/R cell cultures, addition of 3 lM ouabain to MASMC from a1 S/S mouse increased LDH release from 15.9 ± 1.2 to 30.4 ± 0.7 % (p \ 0.001) with further elevation of extracellular LDH content in the concentration range from 3 to 3000 lM (Fig. 4) .
To further explore the distinct roles of a1S-and a1R-Na ? , K ? -ATPase, we compared dose-dependent actions of ouabain on intracellular sodium content and LDH release from control and a1R-transfected HUVEC. In mocktransfected cells, *tenfold elevation of [Na ? ] i was observed after 6 h incubation with 10 lM ouabain, whereas in cells transfected with a1R subunit the same elevation of [Na ? ] i was detected in the range from 300 to 3000 lM (Fig. 5a) . These results are consistent with previously reported attenuated sensitivity of intracellular Na ? / K ? homeostasis handling to ouabain in human HeLa and canine MDCK cells transfected with a1R-Na ? , K ? -ATPase [35, 36] . In mock-transfected cells, LDH release was detected at 24 h after ouabain addition at the concentrations higher than 0.3 lM ouabain, and was increased by *sixfold in the presence of 3 lM ouabain (Fig. 5b) . In contrast, elevation of ouabain levels up to 3000 lM did not affect survival of HUVEC transfected with a1R-Na ? , K ? -ATPase. As a positive control, H 2 O 2 caused similar *sevenfold elevation of LDH release from both mocktransfected and a1R-cells.
Numerous studies demonstrated the distinct impact of mitogen-activated protein kinases (MAPK) on cell survival and death (for review, see [37] [38] [39] ). It is generally accepted that phosphorylation of extracellular signal-regulated kinase (ERK) plays a major role in regulation cell proliferation and differentiation. In contrast, phosphorylation of c-Jun N-terminal kinase (JNK) and p38 MAPK is frequently associated with stress and inflammatory responses and in many instances promotes cell death [40, 41] . Recently, we demonstrated that phosphorylation of p38 MAPK precedes death of the ouabain-treated MDCK cells [42, 43] . Here, we compared the effects of ouabain on phosphorylation of MAPKs in HUVEC and RAEC, which have contrasting Figure 6 shows that 6-h incubation with ouabain resulted in *two-and fivefold elevation of ERK1 and ERK2 phosphorylation in RAEC but very modest changes in phosphorylation of these enzymes in HUVEC. Unlike ERK1/2, we detected *twofold increase in p38 phosphorylation in HUVEC without any HASMC RASMC control ouabain Fig. 1 Phase-contrast microscopy of smooth muscle cells from human (HASMC) and rat (RASMC) aorta exposed to ouabain. HASMC and RASMC were incubated for 24 h in DMEM containing 3 and 3000 lM ouabain, respectively. These representative images were captured using a Nikon phase-contrast microscope with 9100 magnification HUVEC RAEC control ouabain Fig. 2 Phase-contrast microscopy demonstrating the effect of ouabain on endothelial cells isolated from human umbilical vein (HUVEC) and rat aorta (RAEC). HUVEC and RAEC were incubated for 24 h in EMB-2 and DMEM containing 3 and 3000 lM ouabain, respectively. These representative images were captured using a Nikon phase-contrast microscope with 9100 magnification changes in RAEC. In both type of cells, we did not observe any significant impact of ouabain on phosphorylation of JNK1/2 MAPKs (Fig. 6 ).
Discussion
We report here that such diverse primary rat cell lines as astrocytes, vascular smooth muscle cells, and the RAEC are highly resistant to the long-term incubation with ouabain. The lack of cytotoxic action of ouabain in rat cells was in striking contrast to a massive cell death seen in ouabain-treated human primary astrocytes, endothelial cells from human umbilical vein, and smooth muscle cells from human aorta ( Table 2 ; Figs. 1, 2, 3 ). At least 3 hypotheses can be proposed to explain the distinct impact of ouabain on survival of human and rat cells. First the lack of cytotoxic effect of ouabain in rat cells is caused by its minor impact on the [Na ? ] i /[K ? ] i ratio. This hypothesis, however, has been clearly ruled out by our data demonstrating that 3,000 lM ouabain causes the same elevation of the [Na ? ] i /[K ? ] i ratio in rat cells, as its lower concentrations (3 lM) in human cells (Table 1) . Second human cells express an unknown CTS-sensitive component of the cells death machinery, or rat cells contain yet unidentified inhibitor of the CTS-induced cell death signaling. Third the cell death can be triggered by interaction of ouabain with a1S-but nor with a1R-Na ? , K ? -ATPase due to different conformation and functional properties of these two a1 subunit isoforms, leading to stimulation of alternative signaling pathways in human and rodent cells.
To examine the latter 2 hypotheses, we compared the dose-dependent actions of ouabain on vascular smooth muscle cells isolated from the wild-type mice, expressing a1R-Na ? , K ? -ATPase, and the mice expressing human ouabain-sensitive a1-isoform (a1 S/S ). We found that in contrast to the lack of cytotoxic action 3000 lM ouabain in smooth muscle cells from wild-type a1 R/R mouse, the same CTS dose-dependently decreased survival of cells isolated human astrocytes rat astrocytes control ouabain Fig. 3 Hoffman modulation contrast microscopy images demonstrating the effects of ouabain on human and rat astrocytes. Human and rat astrocytes were incubated for 24 h in DMEM containing 10 % fetal bovine serum and 20 and 5000 lM ouabain for human and rat cells, respectively. These representative images were captured using an Olympus IX-71 setup with 9100 magnification -ATPase (solid bars). Cells were serum-starved for 24 h and then treated for additional 24 h with drugs at concentrations indicated at the bottom. The total content of LDH was taken as 100 %. Mean ± SE from 3 experiments performed in triplicates are shown. *, **p \ 0.005 and 0.001 as compared to untreated cells from aorta of a1 S/S mice (Fig. 4) . Since in these cell types only one protein, the a1-isoform of the Na ? , K ? -ATPase, has been replaced, these data clearly suggest that distinct outcomes of exposure to CTS on survival of human and rodent cells are determined by properties of a1S-and a1R-
Na
? , K ? -ATPase rather than by distinct set of downstream intermediates of signal transduction. We also observed that stable transfection with a1R-Na ? , K ? -ATPase rescues HUVEC from cytotoxic action of high doses of ouabain (Fig. 5) , suggesting that the rodent a1R-Na ? , K ? -ATPase activates cytoprotective signaling cascade(s) in a dominant fashion. Unlike endothelial and smooth muscle cells, which have dominant expression of a1-isoform [44, 45] , human and rodent neurons additionally express substantial levels of the a3-, while human and rodent astrocytes have significant levels of the a2-Na ? , K ? -ATPase isoform [46, 47] . The functional significance of a2-and a3-isoforms in human brain may be illustrated by clinical findings of a2-subunit mutations (presumably astrocytic) causing familial hemiplegic migraine type 2, and a3 mutations (largely neuronal) leading to a rapid onset dystonia and Parkinsonism [48] . Both a2-and a3-Na ? , K ? -ATPase possess about the same affinity for CTS in rodents and other mammals [4, 49, 50] . Taking these latter data into account, our findings that rat astrocytes are highly resistant to the presence of high doses of ouabain (Fig. 3 ) strongly suggest the negligible impact of CTS-sensitive a2-subunit in the triggering cell death machinery. Unlike rat astrocytes, mouse cortical neurons die after 24-h exposure to 80 lM ouabain [51] . Therefore, additional experiments should be performed to examine the role of a3-subunit in the death of CTS-treated cells.
Based on findings of this work we propose a hypothetical mechanism for the distinct action of CTS on the survival of cells expressing a1S-and a1R-Na ? ,K ? -ATPase (Fig. 7) . In addition to the well-established effect on the Na ? ,K ? pump and elevation of the [Na ? ] i /[K ? ] i ratio, CTS trigger distinct conformation transitions of a1S-and a1R-Na ? , K ? -ATPase resulting in their interaction with hypothetical adaptor proteins I and II, respectively. In the case of rodent cells, ouabain is not toxic, possibly because the signaling cascade triggered by its interaction with a1R-Na ? , K ? -ATPase leads to cytoprotective activation of ERK1/2. This is in contrast to activation of p38 MAPK seen in ouabain-treated human cells (Fig. 6) . Indeed, it was previously shown that both p38 phosphorylation and death of ouabain-treated MDCK cells expressing a1S-Na ? , K ? -ATPase were suppressed by p38 inhibitor SB 202190 [42] . Upstream intermediates of MAPK signaling induced by CTS may include non-receptor tyrosine kinase Src, phosphatidyl inositol 3-kinase (PI3 K) [52] , as well as recently discovered functional interaction of the Na ? , K ? -ATPase with Bcl-2 proteins BclXL and Bak [53] . Recently, we demonstrated that sustained elevation of the [Na ? ] i /[K ? ] i ratio resulted in differential expression of hundreds of ubiquitous and cell-type specific genes, including potent regulators of cell differentiation, proliferation and death [54, 55] . Additional experiments should be performed to examine the role of Na One critical implication of the present findings is related to development of anti-cancer therapies based on CTS. Epidemiological observations identified decreased occurrence of leukemia as well as breast, prostate and lung cancer in the patients with heart failure, who were treated with digitalis [56] [57] [58] . Therefore, numerous studies screened for the novel anticancer CTS compounds, using rodents injected with human malignant cells (for review, see [59] [60] [61] ). This study demonstrates that such an approach can be highly problematic since low concentrations of ouabain may trigger undesirable cell death in human but not rodent tissues.
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